Previous research acknowledges the ancient and complex land-use history of European mountainous areas, which are characterised by a remarkable regional variability in terms of human practices and patterns of occupation during the Holocene. However, the combined palaeoenvironmental and archaeological study of highland human management at a micro-regional scale remains a largely unexplored research field, especially in the Pyrenees. A combined pollen, stomata, non-pollen palynomorphs (NPPs) and macrocharcoal study was carried out at three nearby alpine and subalpine peat basins from a relatively small territory (ca.1700 ha) at the Madriu valley (Andorra, eastern Pyrenees), following a fine spatial-resolution strategy. The purpose was to test the suitability of high altitudinal palaeoecological sequences when reconstructing past smallscale land-use variability. The palaeoecological results of those peat records are compared and further integrated with archaeological local data, and together underline the marked complexity of high mountain land-use system over the Holocene period. Main phases of micro-regional land-use and landscape variability can be distinguished from the middle Neolithic to the early Bronze Age and from the Roman Period to the Modern Era. Conversely, several phases of homogeneous landscape management are distinguishable during the early Neolithic, and from the late Bronze to the late Iron Age. Results drawn from this study show that landscape variability is not necessarily connected to topographic or climatic parameters, and underline the role of social, economical and cultural parameters in the land-use organisation and the landscape shaping of high mountain spaces since Prehistory.
Introduction
High mountain European areas, for a long time considered marginal and risky spaces, constrained by severe climatic conditions and extreme topography, are acknowledged today as cultural landscapes. This new concept of European mountainous areas results from different archaeological and palaeoenvironmental studies which have revealed significant evidence of highland human occupation and landscape management that can be traced back to the Mesolithic period (Biagi and Nandris, 1994; Galop, 1998; Mazier et al., 2009; Moe and Hjelle, 1999; Oeggl and Wahlmüller, 1993; Rendu, 2003; Walsh, 2005) .
These studies show that high mountain human occupation was an ancient and complex one. Besides, the comparison of different palaeoenvironmental and archaeological records has underlined that management of the Pyrenean ranges, rather than being homogeneous was characterised by regional variability in terms of human practices and patterns of occupation during the Holocene (Galop, 2005; Galop and Jalut, 1994; Miras et al., 2007; Palet et al., in press; Ejarque et al., 2009; . Former multi-profile and high spatial-resolution palaeoenvironmental studies have indeed proved to be useful when it comes to characterising land-use variability in upland environments at a regional scale (Davies and Tipping, 2004; Davies, 2007) . The combined palaeoenvironmental and archaeological study of Pyrenean highland management at a high spatial resolution has also been attempted (Galop, 1998; Rendu, 2003) . Nevertheless, the microregional study combining multiple cores and archaeological records within a single valley remains a largely unexplored research field. This is especially remarkable in the Spanish central and eastern Pyrenees, where palynological research (Catalan et al., 2001; Gómez and Esteban, 1993; Montserrat, 1992; Pla and Catalan, 2005; Pèlachs et al., 2009 ) has been mainly conducted towards the reconstruction of changes in regional vegetation from the analysis of a single pollen record.
Based on the premise that local scale case studies are the most suitable approach to analysing human-environment interactions (Dearing et al., 2006) , particularly in upland environments (Davies, 2007) , this paper aims to explore the existence of micro-regional, i.e. small-scale, variability in human management of high mountain spaces by following a high spatial-resolution and multi-proxy research strategy.
When attempting to study small-scale variability using pollen analyses from high altitudinal sites, the over-representation of extra-local and regional taxa in pollen assemblages becomes a remarkable shortcoming in the reconstruction of local alpine vegetation. This is mainly due to the predominance of low pollen producers within alpine grasslands and the uphill transport of regional pollen by wind currents (Cañellas-Boltà et al., 2009; Court-Picon et al., 2005; Oeggl, 1994; Pardoe, 2001) . Nonetheless, former studies have shown that local pollen production remains an important component of the pollen rain in smallsized upland basins, which are prone to display patchiness of local landscape throughout time (Davies and Tipping, 2004; Mazier et al., 2009) . In this respect, small peat basins ≤ 1 ha (ca. 50-60 m diameter) have been selected in this study in order to emphasize the local pollen signal and detect site-to-site landscape variation (Sugita, 1994) . Moreover, this study combines high resolution pollen analyses with other biological proxies providing more local information such as stomata, non-pollen palynomorphs (NPPs), and macrocharcoal charred particles (Carcaillet et al., 2001; MacDonald, 2001; van Geel and Aptroot, 2006; Whitlock and Larsen, 2001) . Archaeological data from the Madriu valley Orengo, 2007) will also be used to assess palaeoenvironmental results at a local scale.
This study was performed as a part of an integrated palaeoenvironmental and archaeological research program which aims to understand the long-term shaping of the Madriu-Perafita-Claror valley, a high mountain cultural landscape included in the UNESCO World Heritage List. Extensive surveying, excavation and radiocarbon dating have revealed the existence of 400 archaeological structures which range from the early Neolithic to the modern era and include pastoral huts, livestock enclosures, milking structures, charcoal mounds and kilns Orengo, 2007) . The distribution of these archaeological structures suggests a complex spatial organisation of the valley's land-use during the past (Palet et al., in press; ). This palaeoecological study was carried out following a micro-regional strategy. Three nearby and small size peat basins were selected at different altitudes and landscape settings of the main Madriu valley. In doing so, this paper aims to test the suitability of high altitudinal pollen sequences to reconstruct past micro-regional land-use variability.
Study area and sites description
The Madriu-Perafita-Claror valley is located in southeast Andorra (eastern Pyrenees) and it is formed by the main Madriu valley and the Perafita-Claror valley (Fig. 1) . The Madriu valley follows an NW-SE orientation and is characterised by a rough relief and a pronounced altitudinal range from 1050 to 2905 m a.s.l. Given its location in the southern basin of the eastern Pyrenees, the climate of this region is largely influenced by both Mediterranean and oceanic climatic conditions (Esteban et al., 2009) . A mean annual rainfall of 1003.6 mm per year and a mean annual temperature of 7.7 °C have been recorded at 1600 m a.s.l. (Folch, 1984) . The area sits on a siliceous bedrock mainly shaped by glacial and periglacial activity (Mases et al., 2005) . This micro-regional study will focus on the high altitudinal spaces of the Madriu valley, from 2100 to 2700 m a.s.l., covering a reduced area of ca. 1700 ha. Alpine grasslands from the Caricetalia curvulae plant community expand throughout the southern slope from 2400 m a.s.l. Timberline oscillates between 2300 and 2400 m a.s.l. and below this level, Pinus uncinata woodland dominates. Subalpine forest varies from xerophilous pine woodland with Juniperus communis ssp nana in the southern slope to dense mesophilous pine woodland with Rhododendron ferrugineum in the northern slope (Carreras et al., 2003) . Two new peat sequences, located in distinctive vegetation settings within this mosaic landscape, are presented and compared to the previously published Bosc dels Estanyons fen (Miras et al., 2007) .
The Riu dels Orris fen (42° 29′ 20″ N; 1° 38′ 14″ E), hereinafter RDO, is located at 2390 m a.s.l. in the alpine belt of the southern slope of the Madriu valley. The fen occupies a small elongated glacial rock-basin of ca. 0.8 ha. Surrounded by alpine grasslands, RDO is a black sedge acidic fen set on the tree limit of the subalpine pine woodland.
The Orris de Setut fen (42° 28′ 57″ N; 1° 39′ 1″ E), hereinafter ODS, is located at 2300 m a.s.l. on the easternmost part of the main basin formed by the Madriu river. Delimited by two glacial moraines, this black sedge acidic fen of ca. 1.2 ha is set within the alpine grasslands on the timberline. Whilst previous pollen analyses were performed at ODS (Esteban, 1994), they were not radiocarbon dated. New coring of the fen was carried out in order to perform an accurately -dated multiproxy palaeoenvironmental study.
The Bosc dels Estanyons fen (42° 28′ 49″ N; 1° 37′ 45″), hereinafter BDE, is located at 2180 m a.s.l. in the subalpine belt of the northern slope of the Madriu valley. Delimited by a glacial moraine, this small fen of ca. 0.7 ha is surrounded by subalpine pine woodland and it is set below the timberline.
Material and methods
In September 2005, coring was carried out in the RDO and ODS fens using a 50 cm × 5 cm "Russian" corer. A 200 cm-long core was extracted from the southernmost edge of the RDO fen and a 67 cm-long core was obtained from the centre of the ODS fen. Samples were taken at intervals of 4 cm at RDO and of 2 cm at ODS for pollen, stomata, NPP and macrocharcoal particles analysis. Besides, sampling at 1 cm intervals was undertaken between 18 and 36 cm at RDO in order to more precisely define human activity from the Iron Age to the late Antiquity.
Samples were prepared using standard procedures for pollen analysis (Faegri and Iversen, 1989) . The samples were soaked in 10% KOH and then sieved through a 200 μm mesh sieve to retrieve macrocharcoal particles (Whitlock and Larsen, 2001) .
Lycopodium clavatum spore tablets were added in order to calculate particle accumulation rates (Stockmarr, 1971) . Pollen, NPP and conifer stomata counting was performed using a Zeiss Axioscop microscope at 500× magnification and macrocharcoal particles >200 μm were counted using a Zeiss Stemi microscope at 80× magnification. Pollen, NPP and stomata identification followed published illustrations and keys (Faegri and Iversen, 1989; Hansen, 1995; Punt et al., 1976 Punt et al., -2009 Reille, 1992; van Geel, 2001; van Geel and Aptroot, 2006) , and the pollen reference collection at the Catalan Institute of Classical Archaeology. Minimum pollen counts of 700 dry land pollen grains per sample were made. Pollen and NPP relative values were calculated as a percentage of total land pollen (TLP) excluding Cyperaceae, fern spores and aquatic plants. The apophytes summary curve displays pollen taxa indicative of anthropogenic impact (Behre, 1981) , including those underlined by studies on modern pollen assemblages performed in mountainous environments (Court-Picon et al., 2005; Mazier et al., 2009 ). Diagrams were plotted using the C2 program (Juggins, 1991) and Pollen Assemblage Zones (PAZ) were established using CONISS with minor modifications (Grimm, 1987) .
A total of 9 14 C AMS dating measurements on 1 cm-thick peat samples (5 from the RDO profile and 4 from the ODS profile) were performed by Beta Analytic Inc (Miami, USA) and the Poznań Radiocarbon Laboratory. Dates were calibrated using CALIB 5.0.2 . Similar sampling and analytical methods have been performed in the BDE fen and they are presented in Miras et al. (2007) .
Results

Dating
Radiocarbon dates for the RDO and ODS fens are shown in Table 1 . Age-depth models for both sequences were obtained by plotting calibrated radiocarbon dates against depth using linear interpolation between adjacent pairs of dates (Fig. 2) . Radiocarbon results at RDO and ODS support continuous sedimentation that covers the last 8000 and 3700 years respectively. This allows for a proper comparison with the BDE fen from the early Neolithic onwards (Miras et al., 2007) . On the other hand, the low sedimentation rates for the last 1000 years in all the sequences only allow for a general discussion on the Medieval and Modern periods. 
RDO pollen, NPP and macrocharcoal results
Two PAZs and six subzones have been distinguished at the RDO sequence (Figs. 3 and 4) and are described as follows.
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ODS pollen, NPP and macrocharcoal results
Two PAZs and four subzones have been distinguished at the ODS sequence (Fig. 5 ).
1. Download high-res image (912KB) 2. Download full-size image -2c (4-0 cm) . This zone shows the recovery of AP and the reappearance of Pinus stomata. The retreat of most herbs, apophytes and most crops is otherwise evidenced.
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Discussion
Following, RDO and ODS results will be compared with those of the BDE fen (Miras et al., 2007) . A simplified diagram of the BDE fen has been included ( Fig. 6 ) and Fig. 7 shows simplified diagrams of the studied sites. In order to detect small-scale landscape variability, discussion will mainly focus in the changes of the taxa located at high altitudinal spaces of the valley where fens are.
1. Download high-res image (1MB) 2. Download full-size image During the early Neolithic, from ca. 6000 to ca. 4300 cal BC, the high levels of Pinus, the presence of pine stomata and the low values of herbs at both RDO (2390 m a.s.l.) and BDE fen (2180 m a.s.l) reveal the existence of a forested landscape at the Madriu valley. The occurrence of pine stomata confirms the local presence of subalpine woodland at both sites (MacDonald, 2001) , and places timberline position above 2390 m a.s.l. Equally, the dominance of a Quercetum mixtum woodland at lower altitudes is displayed at BDE during this period (Miras et al., 2007) , and the expansion of the Abies woodland within the montane belt from ca. 5200 cal BC is coincident in time at both sequences with that observed in the eastern Pyrenees . At the RDO fen, the expansion of Cyperaceae and the disappearance of Pediastrum sp. from 5000 cal BC indicate sedge colonisation of the basin.
Three turning points at the RDO fen should be pointed out within the local predominance of pine woodland. , 2007) . These data support the human occupation and the extension of grazing in both slopes of the alpine and the subalpine belt of the Madriu valley, facts that are further confirmed by the recording of a pastoral hut located at 2530 m a.s.l. and radiocarbon dated to 4481 ± 112 cal BC (Palet et al., in press ). This is consistent with the development of early Neolithic husbandry practices in the nearby Balma de la Margineda shelter (Andorra, 970 m a.s.l.), where the presence of domesticated sheep and goats are archaeologically reported from the first half of the 6th millennium cal BC (Geddès, 1995) . . The maximum values of undifferentiated fungal spores and a higher consistency in the recording of oocytes of Turbellaria and of Polyadosporites sp. (367) suggest the existence of more eutrophic conditions and higher organic matter decomposition in the fen (Carrión and Navarro, 2002; Haas, 1996) possibly related to local grazing pressure. Finally, the disappearance of Pinus stomata around ca. 3500 cal BC suggests a lowering of the timberline in the vicinity of RDO fen as the ultimate consequence of the grazing pressure evidenced during this period. The sporadic presence or absence of pine stomata along the following RDO pollen zones indicate that the tree line would never again reach the 2390 m a.s.l. at this zone, thus leaving the fen above the timberline position as it is located today.
On the contrary, a different landscape setting can be observed in the northern slope of the valley. The BDE fen (B-5b) records a moderate recovery in the pine woodland, stressed by the rising values of pine stomata and the decline in herbs, whereas a slight reduction of human pressure is indicated by a less abundant assemblage of apophytes. However, local grazing pressure within this wooded environment does not disappear, as inferred from the recording of Cercophora sp., Sordaria sp. and Chaetomium sp. (Blackford and Innes, 2006; van Geel and Aptroot, 2006) . This period shows marked small-scale land-use variability at the Madriu valley between a highly grazed and cleared southern alpine slope and a wooded northern subalpine one that resulted from lower human pressure (Fig. 7) .
Highland human occupation is otherwise reported between 3790 and 4100 cal BC in nearby mid-mountain Andorran areas, at the Tomba del Segudet (Ordino, 1324 m a.s.l.) and the Feixa del Moro archaeological sites (Juberri, 1335 m a.s.l.) (Llovera, 1986; . In other eastern Pyrenean areas, the extension of grazing activities towards high altitudinal spaces during the middle Neolithic has been also documented in either pollen (Galop, 2006; Jalut, 1974) or archaeological records (Rendu, 2003) . Nevertheless, this study shows that differences in the intensity and landscape management of highland spaces occurred at a micro-regional scale during the middle Neolithic. The first signs of land-use variability in the Madriu valley consisted of considerable grazing pressure, as well as the lowering of the timberline at the alpine belt and lesser human pressure at the subalpine belt (Fig. 7) . By contrast, a more homogeneous land-use system and impact on vegetation is observed during the early Neolithic in the three studied records. At the RDO fen, the slight retreat of Poaceae and other herbs, together with a lesser recording of apophytes as well as the disappearance of coprophilous fungi may reflect lower grazing pressure in the basin during this period. This would allow a moderate pine woodland recovery in this alpine environment, as shown by the increase of both Pinus percentages and its accumulation rates. Nonetheless, the peak of macrocharcoal indicates that fire events took place near the fen, while grazing activities are archaeologically reported at a higher altitude. Further on, two shepherd huts and one livestock enclosure dated between 2400 and 2160 cal BC (Palet et al., in press) have been documented at 2530 m a.s.l., thus pointing to the upper alpine grasslands as the focus of grazing activities during the late Neolithic and the early Bronze Age.
Late Neolithic and early
However, pollen record at the BDE fen reveal that human pressure was not only limited to the upper alpine belt but also comprehended the subalpine belt at ca. 2180 m a.s.l. In this respect, the increase of grazing pressure is supported through the overall progress of herbs, apophytes and the presence of coprophilous fungi, whereas woodland clearances are revealed by the decrease of Pinus percentages and its concentration values. Such woodland clearances were probably favoured by the use of fire, as suggested by the significant increase of macrocharcoal particles at BDE during this period. Two main periods of human activity interbedded by a period of woodland recovery are recorded at ca. 3500-3000 cal BC and at ca. 2200-1650 cal BC.
All these data underlines a new phase of micro-regional landscape variability in the Madriu valley. The surroundings of the RDO fen were less frequently grazed, which lead to a woodland recovery at ca. 2390 m a.s.l., while grazing would focus in the upper areas of the alpine belt and in the subalpine belt where the use of fire favoured pine woodland clearances (Fig. 7) . The development of a landscape organisation of high altitudinal spaces during this period is the result of a complex land-use system which reveals the high adaptability of prehistoric societies to the management of highland environments.
The late Neolithic-early Bronze Age can be, thus, considered as a threshold period in the land-use exploitation of high mountain areas. This is further confirmed in other south-eastern Pyrenean areas, where increased human occupation, the intensification of pastoral and burning activities and the first timberline lowering at high altitudes can be proven since ca. 3300 cal BC (Galop, 1998 (Galop, , 2006 . At the RDO fen, the decline of Pinus percentages and its accumulation rates from ca. 1650 cal BC, together with the proliferation of Poaceae and other herbs, indicates a marked landscape opening at the alpine belt of the Madriu valley. The mild occurrence of apophytes and the absence of coprophilous fungi at the beginning of this woodland retreat do not support grazing activities as the main factor that caused such landscape opening. The increase of Juniperus and herbs such as Artemisia, Cichoroideae and Chenopodiaceae may actually suggest the extension of grasslands and heliophilous shrubs during this period. In this sense, certain consideration has to be taken into account for the cooling climate from ca. 2550 to ca. 1150 cal BC (Pla and Catalan, 2005) that could have constrained pine pollen production and benefited the extension of alpine grasslands. In this respect, the decline in summer temperature has been acknowledged as a key factor affecting tree pollen production and timberline shifts at high altitudes (Kofler et al., 2005) . However, the fact that such colder conditions took place far earlier than the documented drop in Pinus at RDO does not provide the basis for a strictly climatic explanation for the origin of said woodland retreat.
On the other hand, from ca. 1050 cal BC the renewal of most apophytes at RDO underlines renewed human activities on a persistently open landscape. From this point to ca. 700 cal BC landscape clearings would progress towards lower altitudes. Thus, at the ODS fen (2300 m a.s.l.), the retreat of Pinus, together with the increase in herbs and the onset of the Juniperus curve, indicate the existence of woodland clearings and the settling of a shrubby cover. Besides, the renewal of some apophytes such as P. lanceolata-type, Plantago major/media, Rumex or Asteroideae, and the occurrence of Sordaria sp. may suggest the use of such cleared areas for grazing purposes. A similar pattern is evidenced at BDE (B-5e), showing some retreating of Pinus percentage, the moderate increment of apophytes and the occurrence of Sordaria sp. from ca. 1200 cal BC. Such woodland opening may be attributed to the spread of grazing activities along this highland landscape during the late Bronze Age. Finally, during the Iron Age, from ca. 700 to ca. 400 cal BC the gradual increase of Pinus concentration rates at both the RDO and ODS fens, and the recovery of Pinus percentages at BDE reflect a general woodland regeneration in the valley. Thus, similar land-uses and landscape dynamics prevail in the valley along this period. At the BDE fen, the drop of Pinus percentages and stomata concomitant to the proliferation of Poaceae indicate the existence of woodland clearances and the extension of grasslands at the subalpine belt from ca. 300 cal BC. The increase of most apophytes and the significant rise of Sporormiella sp., together with other dung-related fungi such as Cercophora sp., Podospora sp. or Chaetomium sp. (Blackford and Innes, 2006; Davis and Shafer, 2006; van Geel and Aptroot, 2006) , prove the local presence of livestock in the fen from the 2nd century cal BC through to the 5th century cal AD.
From the 1st to the 5th century cal AD, a more significant grazing pressure is documented in the Madriu valley where grazing activities have been recorded at the highest altitudes. In this respect, at the ODS fen (2300 m a.s.l.), the onset and progress of coprophilous fungi such as Sordaria sp., Podospora sp. and A. verruculosa and the rise of apophytes suggest local grazing activities, whereas the boost of macrocharcoal makes evident the existence of frequent fire activities on the watershed. The increase in herbs and Poaceae indicate the anthropogenic favouring of open spaces, whereas the stability of Pinus percentages and the recording of pine stomata stress the local presence of rather stable local woodland. This fact suggests that grazing activities focused mainly on the fen pastures and, rather than causing widespread woodland clearances, resulted in a patchy grazed forest at 2300 m a.s.l. This land-use pattern would presumably be related to a more stable human occupation of the fen area, as demonstrated by the reporting of a close livestock enclosure dated to 14 ± 60 cal AD (Fig. 7 ) (Palet et al., in press; . Besides, the grazing exploitation of both ODS and BDE at this moment reflects the Roman use of fens as wet pastures within the subalpine woodland.
On the other hand, at the RDO fen (2390 m a.s.l.), the decline of Pinus together with a rise in Poaceae between the 1st and the 5th century cal AD suggests the existence pine woodland clearances and grassland expansion similar to that encountered at lower altitudes at the BDE fen. The moderate increase of some apophytes and the absence of coprophilous fungi at the RDO fen suggest a low local grazing pressure on the fen and raise doubts about the preponderance of grazing in the woodland recession. In this sense, the reporting of kilns -probably related to rosin production-nearby the RDO and BDE sequences dated between the 2nd and 7th century cal AD (Palet et al., in press; ) reveals the existence of other local activities which also contributed to woodland clearance (Fig. 7) . Charcoal analysis carried out in one of the kilns ratifies the use of pine wood fuel (Euba, 2009 ) and strengthens the role of existing tree felling activities in the woodland retreat observed at both fens. The local coexistence of a wide range of human activities including grazing, burning and forest management during Roman era led to a complex mosaic of highland vegetation types. Moreover, the decline of montane mixed forest and the expansion of cropping activities, which are especially evidenced at BDE, indicate that Roman land management was not just restricted to the highest areas but also included the lower montane belts and foothills. This land-use system that integrated the entire mountain altitudinal range contrasts with that observed in the Pyrenees and southern Alps, where Roman management focuses preferably in mid-mountain areas rather than in highlands (Court-Picon, 2007; Galop, 2005; Walsh, 2005) . Moreover, despite the fact that regional variability in Roman management of mountainous areas has already been stressed in the Pyrenees (Galop, 2005) , this case-study shows that Roman land-use variability was not merely restricted to a regional scale, but was also formulated at a micro-regional level (Fig. 7) .
During the Roman period a highly heterogeneous landscape arises. An open environment can be found in the alpine and subalpine belt in relation to both grazing and forestry activities. On the other hand, a different landscape management is recorded at the ODS fen, at 2300 m a.s.l., where grazing, burning and pastoral occupation are carried out within a clear but still forested local landscape (Fig. 7) .
During the late Antiquity-early Middle age transition, from ca. 500 to ca. 800 cal AD, at BDE, new Pinus pollen and stomata retreat, followed by a peak in apophytes and of Sordaria sp., suggest the continuation of an open grazed landscape on the watershed. Equally, at the ODS fen, the significant renewal of coprophilous fungi, together with a higher representation of some ruderal and nitrophilous herbs and the increase of macrocharcoal indicate the existence of a higher grazing pressure and frequent fire activities on the peat basin. The stability of Pinus percentages and the uninterrupted record of pine stomata suggest that such activities took place on the watershed within patchy pinewood. All these data point to the continuation of grazing pressure at the subalpine belt up to 2300 m a.s.l. Nonetheless, the recovery of Pinus percentage and the pollen accumulation rates together with a slight retreat of apophytes at the RDO fen from the 7th century AD suggest lower human pressure at the alpine belt. This period, thus, highlights a new phase of land-use variability in the valley. From ca. 800 cal AD the pronounced decline of Pinus at the RDO fen, together with the rise in herbs, most apophytes and the renewal of coprophilous fungi, provide evidence of woodland retreat and the extension of alpine grasslands at high altitudes. Local grazing exploitation is also apparent on the watershed with the recording of two shepherd huts dated to the mid 10th century cal AD . From the 10th, and more remarkably, from the 14th century onwards, ODS and, to a lesser extend, BDE, the retreat of Pinus pollen and stomata is registered, while the increase of herbs results in the expansion of alpine grasslands towards the subalpine belt. The marked increase in apophytes and coprophilous fungi corroborate the constitution of a largely grazed landscape in the valley. In fact, grazing activities have been confirmed archaeologically as having carried out between the 14th and the 18th century related to the well documented late Medieval and Modern transhumance practices in the Andorran valleys (Codina, 2005) . However, different lands-uses also developed, as shown by the recording of multiple charcoal mounds in the northern slope of the subalpine belt of the Madriu valley dated to the modern period and which reflect local charcoal production related to iron forge activities Euba, 2009) . This is consistent with the ultimate pine woodland recovery at the BDE fen during this period. Besides, the land-use management of lower belts is attested with the general decline of mixed montane woodland and the expansion of arable crops such as olive, chestnut, vineyard, hemp and cereals from the late Medieval period. Extension of medieval and modern grazing at a high altitude and the expansion of arable activities at a lower altitude have been otherwise encountered in the pollen and the archaeological record of nearby Pyrenean areas (Ejarque et al., 2009; Galop, 1998; Rendu, 2003) .
The preponderance of grazing in a largely open landscape and the concurrent charcoal production in a wooded northern slope of the subalpine belt ratifies the existence of a complex landscape management and discloses the last microregional variability during this period.
Conclusion
The comparison of three nearby palaeoenvironmental sequences in the Madriu valley, together with the integrated use of archaeological data, has revealed the existence of remarkable variability in the human management of high mountain environments since the Neolithic.
These results show that during some periods, such as the middle Neolithic or late Antiquity, landscape variability responds to the existence of human pressure in relation to topographic features, i.e. altitude and slope orientation. Nonetheless, the complex mosaic landscape usage which arises from the late Neolithic to the early Bronze Age and, most remarkably, during the Roman and Medieval periods does not merely follow topographic parameters, but rather responds to the spatial fragmentation of land-uses and the complementary human exploitation of mountainous resources.
The fact that human management in the Madriu valley was not strictly linked to altitudinal and slope orientation parameters questions the suitability of a climatic/temperature gradient as the main factor triggering human land-use at a high altitude. The results from this paper stress the weight of social, economical and cultural parameters in the land-use organisation and the landscape shaping of high mountain spaces since the Prehistory.
The study of NPP, conifer stomata and macrocharcoal has aided in confirming the local nature of some pollen disturbances and characterising the nature of some anthropogenic impacts occurred within the watersheds, particularly the ones involving woodland clearances, grazing practices or fire disturbances. Archaeological data have equally proved to be priceless when assessing local human occupation and the distinctive nature of highland land-use practices. The combination of palaeoenvironmental and archaeological proxies has thus helped to overcome some interpretation constraints of upland pollen assemblages, and offers meaningful insights into the scale and nature of high mountain land-uses.
This paper demonstrates that high mountain pollen sequences are sensitive to micro-regional landscape change and that they constitute valuable palaeoenvironmental records for the analysis of small-scale land-use if fine spatialresolution pollen analyses are conducted. When analysing the human shaping of highland cultural landscapes the spatial organisation of the land-use may actually limit the adequacy of mountain palaeoenvironmental reconstructions based on single pollen records. This paper points to combined palaeoenvironmental multiproxy records and archaeological studies through high spatial resolution at a micro-regional scale as the most suitable research strategy for the study of human mountain management and landscape change during the Holocene.
